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A sparse matrix library design strategy
One of the challenges of combinatorial chemistry is the selection of compounds to synthesise. Usually a full combinatorial set will generate large numbers of compounds but at the expense of diversity and in some cases might generate compounds that represent extremes of molecular weight and lipophilicity. Various methods have been employed to improve the quality of library design, and the generation of a sparse set of library compounds has recently been described. 1 Two main approaches have been employed in choosing compounds for synthesis: reagent-and product-based design. This recent work uses a combination of both these strategies for the diversity-oriented synthesis of a library of medium ring structures based on an S N Ar-Pyr scaffold (1) . Three methods are routinely employed in library synthesis: (i) the synthesis of a full matrix of every building block combination, (ii) a sparse matrix design where a subset of products are selected, and (iii) a cherry-picking strategy where a small number of compounds are individually selected for synthesis. The sparse matrix approach was attractive as the physicochemical properties of the eventual library members could be controlled while maximising coverage of chemical space.
The sparse matrix of S N Ar-Pyr compounds was designed by initially creating a master list of reagent classes, full library enumeration of all potential products and then the compound selection of the sparse matrix. The master reagent list was generated by considering all available reagents and then filtering by molecular weight (6200), and number of rotatable bonds (65), and furthermore excluding undesirable chemical functionality such as isotopes, inorganic elements, peroxides, thiols and Michael acceptors. Principal component analysis and reagent clustering based on dissimilarity metrics was followed by visual inspection by chemists to select preferred building blocks with a consideration of reactivity, synthetic feasibility, price and availability. Final selections comprised 20-50 reagents per class.
The virtual S N Ar-Pyr scaffold library was generated by enumeration, combining every R1 variant with every R2 variant, including products that skipped inclusion of the R1 and/or R2 groups. R1 reagents including sulphonyl chlorides, isocyanates, acids and aldehydes, while R2 comprised boronic acids and alkynes for Suzuki and Sonogashira reactions, respectively. The total of enumerated products was 3212 compounds from 72 reagents (plus one omitted) R1s and 43 (plus one omitted) R2s. The final step in design was the exclusion of products based on Lipinski 'Rule of 5' calculations, and then a sparse matrix of 1000 products determined using chemical similarity principals. The synthesis of the library on SynPhase Lantern solid support has been reported in a separate publication. 2 Following synthesis, the sparse matrix of products was analysed by molecular weight and ALogP. Additionally, it was found that all products were uniformly distributed across chemical space. This approach demonstrated a logical and realistic method for designing compound libraries. The authors note that this approach can also be fine-tuned based on a consideration of the needs of the therapeutic area of interest, such as CNS or antibacterials.
2. A summary of the papers in this month's issue
Solid-phase synthesis
No papers this month.
Solution-phase synthesis
An efficient synthetic procedure for the preparation of a diverse library of 1,3-benzodioxoles has been developed by applying controlled microwave heating in comparison with currently available conventional heating. Reactions were completed in less than three hours. The isolation of product is simple, the isolated yields are good to excellent, and the method is applicable to large scale production. 3 A new method has been developed to synthesise highly functionalised lactams via a one pot reductive amination/lactam formation reaction. This methodology is amenable for parallel synthesis and was used to prepare a large number of lactam analogues in a library format with good retention of stereochemistry. 4 An innovative and facile procedure to prepare quinoxalines in two synthetic steps has been described. The microwave assisted Petasis reaction was followed by the acid mediated unmasking of an internal amino nucleophile, cyclodehydration and oxidation to give libraries of quinoxalines in good to excellent yields.
5
A novel InCl 3 -mediated one-pot reaction leading to 1-aminocarbazoles has been reported. Starting from easily available 2-acetyl-1H-indole, the reaction involves the alkylation of C-3 with a prop-2-yn-1-ol followed by a domino aminobenzannulation reaction in the presence of a secondary amine. The indium salt is most likely involved as catalyst in all three steps of the one-pot reaction. Starting from 2-acetyl-1H-indole and a series of prop-2-yn-1-ols and secondary amines a small library of products has been obtained. 6 
Scaffolds and synthons for combinatorial libraries
Solid-phase supported reagents
A simple and efficient procedure for the preparation of silicabonded propylpiperazine-N-sulphamic acid (SBPPSA) by the reaction of 3-piperazine-N-propylsilica (3-PNPS) and chlorosulphonic acid in chloroform has been described. Silica-bonded propylpiperazine-N-sulphamic acid has been employed as a recyclable catalyst for the synthesis of highly substituted imidazoles from the reaction of benzil, aromatic aldehydes, ammonium acetate and amines under solvent-free conditions. The heterogeneous catalyst was recycled for five runs without losing its catalytic activity. 7 Solid-supported nano-and microparticles of Pd(0) (SS-Pd) have been used as heterogeneous catalysts for the aerobic oxidation of benzyl alcohols. Primary and secondary benzyl alcohols gave the corresponding products in good yields, and in addition, the catalysts could be reused up to five times without significant loss of activities. 8 
Novel resins, linkers and techniques
The first examples of dynamic combinatorial libraries of cryptands, created using the chemistry of imines has been described. Experiments, in which two trialdehydes compete for one triamine in a small library, show the full reversibility of cryptand formation, since the library composition is the same irrespective of the sequence of introducing building blocks to the mixture. 9 The use of tubulin as a target to influence the composition of the mixture from a dynamic combinatorial library, based on the disulphide bond exchange reaction, has been described. ESI-FT-ICR-MS was used to determine the composition of the library. The heterodimeric compound amplified by this approach was used to design the homologous derivative with a two-carbon spacer in place of the disulphide function. The ability of the compounds to inhibit tubulin polymerisation was reported and compared to thiocolchicine. 10 A strategy for the enzymatic synthesis of glycans based on a pHresponsive water-soluble polymer has been described. In neutral condition, the polymer is water-soluble and convenient for insolution enzymatic synthesis, whereas in acidic condition (pH lower than 4.0), the polymer disconnects with the product and becomes insoluble and can be easily removed. A 6-sialyl lactose analogue was synthesised as a model reaction using this approach.
11
Synthetic equivalents of phosphoprotein-specific antibodies would be valuable reagents for biological research, since these antibodies can often be difficult to produce. As protein phosphorylation is thought to result in significant conformational changes in most substrate proteins, one approach might be to screen combinatorial libraries for ligands to the phosphorylated state with the aim of isolating a ligand that binds to a pocket created by the conformational shift. A recent study investigates this strategy by screening a peptoid library for ligands to the phosphorylated form of the Brd4 chromatin adaptor and transcriptional coactivator protein. 12 
Library applications
A short practical synthesis of a new natural product based scaffold, based on antitrypanosomal and antimalarial compounds isolated from different Plakortis species has been reported. The scaffold contained a peroxide unit that is surprisingly stable to chemical manipulation elsewhere in the molecule, enabling it to be elaborated into a small library of derivatives. The scaffold along with its Wittig analogues have displayed low to sub-micro molar (0.2-3.3 lM) antitrypanosomal activity. 13 A dipiperidine scaffold with activity against Mycobacterium tuberculosis (Mtb) has been optimised to select a lead compound to advance into preclinical studies. The structure-activity relationship of proprietary libraries was investigated and was found to be an essential structural element required for antibacterial activity. A focused library of 313 new dipiperidines were synthesised. 14 Starting from a previously disclosed series of potent and nonchiral indole-3-carboxamides, structure-based drug design guided by X-ray crystallography in combination with efficient parallel synthesis has been used to investigate renin inhibition. This resulted in the discovery of 4-or 6-azaindole derivatives with remarkable potency for renin inhibition, with the best compound from these series showing an IC 50 value of 1.3 nM. 15 In a similar study, potent and non-chiral renin inhibitors with novel 5-or 7-azaindole structures have been discovered as renin inhibitors. The best compounds formed show IC 50 values between 3 and 8 nM. 16 A recent report described the search for N-acylated L-homoserine lactones with heightened hydrolytic stability, and thereby potentially increased activity when used as non-native modulators of bacterial quorum sensing (QS). The study investigated the utility of thiolactone analogues as QS agonists and antagonists in Gramnegative bacteria. A focused library of thiolactone analogues was designed and rapidly synthesised in solution, and was found to contain several highly active compounds. 17 
